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Introduction 

This guide is designed to: 
1. support you and your students through all elements of practical work in the new AS 

and A level specification. Although it will address assessment arrangements, its focus 
is to ensure good quality practical work is at the heart of teaching and learning in the 
subject, 

2. explain how the new Ofqual requirements for practical skills can be developed 
throughout the course using both core practicals and other specification content.  

The over-arching aim of the specification is to help learners progress from being GCSE 
students towards becoming ready for the next stage of their development, whether that 
be university or the workplace. To some extent this can be through developing skills 
such as non-routine problem solving and ICT literacy but also by personal skills in 
communication, adaptability and self-management. In terms of practical work, the aim is 
for students to become capable of thinking independently. Part of this is developing 
confident in their own competence to challenge accepted practice and ask ‘How do I 
know that?’, whilst thinking about the science behind the observations. This may be 
exhibited by e.g. working towards thinking independently in planning and evaluating for 
themselves the outcome of practical work. 
Over the course of the A level, students will develop a range of skills in practical work 
which will vary from the acquisition of specific practical techniques in a range of 
experiments (such as the use of a colorimeter or biological reagents), through to the 
development of some investigative techniques requiring some independent thinking 
(such as consideration of sampling techniques within fieldwork). 
At one level, practical work undertaken by students can be simple, perhaps focusing on 
observational aspects of the subject (such as CP2, a histological study using a light 
microscope), whereas other practical experiences may be truly experimental (such as 
CP1, the effect of enzyme and substrate concentrations on the initial rate of reaction). 
Many experimental activities will involve the collection of quantitative data; and this 
provides opportunities for the development of mathematical skills, which are also 
required as part of the specification (see Appendix 6 of the specification). 
There is a students’ guide designed to be used alongside this teacher resource, which is 
written to explain the new requirements to your students in a straightforward way and to 
provide exercises to allow them to develop their skills. You will find the suggested 
answers to these exercises are included in this teachers’ guide. 
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Practical assessment – the whole 
picture  

At first glance, the specification contains a number of references to practical work – both 
in terms of delivery and assessment – so it might be helpful, at the start of this Guide, to 
see what these are, and how they relate to each other. This is particularly important 
because, as a teacher of the subject, you will naturally want to focus most closely on 
what is best for your students in terms of skills development and exam preparation. 
The most obvious place to start is with Appendix 5 in the specification, as this covers 
most of the mandatory practical requirements which form part of the subject criteria for 
GCE Biology. 
Appendix 5 contains four documents: 
● Appendix 5a – this lists the generic skills that will be tested in written question on 

practical skills 
● Appendix 5b – this lists the generic skills that should be developed as students 

undertake practical work in the laboratory 
● Appendix 5c – this lists the techniques and apparatus in which students should 

develop competence during their laboratory practical work 
● Appendix 5d – this lists the ‘core practical’ activities that we recommend form part of 

your teaching of A level. 

How useful are Appendices 5a and 5b? 
It’s always useful to have some idea of the philosophy behind the assessment that your 
students will sit; but it’s worth noting that these two appendices are fairly generic in 
their wording. 
In terms of the assessment of practical skills through questions on written examinations 
(Appendix 5a), the most informative guide probably comes from looking at the questions 
in the sample examination papers. These questions should be easy to spot: they are 
present in both AS papers, and in Paper 3 at A level. Written questions on practical skills 
make up 15–20% of the marks for the qualification, so you’ll find 12–16 marks on 
practical skills on both AS papers; and about 50–60 marks on A level Paper 3. 
Equally, Appendix 5b gives some idea of the generic skills that are developed through 
laboratory work. However, these skills have been integrated into our core practicals, so 
this Appendix is subsumed by undertaking the core practical activities. 

How do the core practicals cover the techniques and 
apparatus? 
Some teachers have been concerned about Appendix 5c, because the use of these 
techniques and apparatus are mandatory, and form part of the subject criteria. However, 
we’ve borne in mind the requirements of Appendix 5c when deciding on our core 
practical activities. So, as long as you follow the program of core practicals, you will 
automatically cover the requirements of Appendix 5c. To help you see this clearly, 
Appendix 5d – the list of core practicals – contains a checklist, showing which technique 
/ apparatus requirement from Appendix 5c is addressed in each core practical. 
As you’ll see from this list, some of the techniques and apparatus will be covered several 
times; whereas others may only be addressed once. This is useful because it gives you 
an idea of which core practicals need to have a ‘three line whip’ for students to complete. 
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How flexible are the core practicals? 
The core practicals represent our suggestion for ensuring that you cover the 
requirements of the practical appendices without having to worry. Of course, they aren’t 
the only way – so you are free to develop your own practical program. If you are going 
to follow this route you’ll need to make sure that your program contains at least 12 
practical activities (the minimum to meet the requirement for practical competency) and 
that it addresses the requirements of Appendices 5b and 5c. 
More commonly, you may find that one or two of the core practicals do not suit you, 
possibly due to resources, or because you have a preferred practical activity in a 
particular topic area. In this case, feel free to swap our core practical for one of your 
own – again, our mapping of core practicals to the techniques and apparatus in Appendix 
5c should make this substitutions relatively easy to do. 
Having mentioned above that the minimum requirement of core practicals is 12, you 
may wonder why our specifications have more than 12 activities specified. There are 
three good reasons for this. Firstly, 12 pieces of practical work over a two-year A level is 
really not very much – our suggested number is still not quite two pieces of practical 
work per half term. Secondly – as you’ll see from our checklist in Appendix 5d – we 
wanted to make sure that students become competent and confident with the techniques 
and apparatus. A slight increase in the number of core practicals allows this to happen. 
The final reason is more pragmatic. Students do have absences, or they may have an 
experiment that just doesn’t work the way it is meant to. Having a slightly larger number 
of core practicals gives you the flexibility to ensure that all your students do meet the 
minimum number of 12.  
Having said that, we’d very much recommend that you did all the practicals that we 
specify – and, where time permits, more on top! Any practical work that your students 
attempt – not just the core practicals – can be counted towards their practical 
competency. 

CPAC (Common Practical Assessment Criteria) 
These criteria make up the other major reference to practical skills within the 
specification; and you can find these immediately after the subject content of the 
specification. These criteria were developed with the requirements of Appendix 5 in 
mind, so the CPAC criteria subsume Appendix 5. 
These are the statements that you will use to assess the laboratory work that your 
students do and, if these criteria are met, the student then qualifies for the ‘pass’ grade 
for the endorsement of practical skills. This endorsement grade will sit alongside the 
student’s letter grade on the results’ certificate. 
Trying to assess all students in your class on every CPAC statement for each core 
practical would be an impossible task. Later in this Guide, you’ll find some advice about 
which CPAC statements could be assessed in each practical to ensure that students have 
a few opportunities to show competence in each CPAC area. From the start of the 
course, in September 2015, you’ll find, on each subject page, some spreadsheets to help 
you record student attendance and progress through CPAC. 

What does a ‘pass’ look like for the endorsement? 
The practical competency is a holistic measure of your students’ practical skills – so it’s 
not a case of ‘passing’ each core practical. In the first year of the course, we’d expect 
students to be more tentative in their practical work, and to need help and support from 
their teachers in order to develop practical skills. However, by the second year of the 
course, students should be working with more confidence and with greater 
independence. This, really, is what practical competence looks like: confidence in a 
laboratory, the ability to follow instructions and work safely, and the ability to use a 
variety of apparatus to collect accurate data. 
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It may be that, at the end of the course, a student doesn’t have a complete row of ticks: 
they may have attended only 14 of the core practical sessions, and you may have felt 
that there were one or two CPAC statements that they hadn’t quite mastered. However, 
you may still feel that the balance of evidence points towards that student being 
competent, so your professional opinion is that the student should obtain a ‘pass’ for the 
endorsement. Do use your professional judgement – you can always contact our Science 
Advisor, or the Monitor who visits your school, for further advice. 
Further training on using and applying the CPAC criteria will be given from autumn 2015 
onwards. 
 

Addressing the CPAC requirements for ‘investigative 
approaches’ 
To help support you, we have provided practical worksheets for each of our core 
practical activities. These worksheets are available for teachers, technicians and 
students. 
Competent practical work does include the ability to follow instructions correctly – 
indeed, that’s one of the CPAC criteria – but competency should also include the ability 
to be more independent and to think about planning an experiment or investigation. 
So, for some of the core practicals, it would be a good idea to ask students to research 
and plan an experiment before issuing them with the worksheet; or to research and plan 
a similar experiment before undertaking the core practical activity. Of course, you could 
replace one of the core practicals with a piece of unprompted practical work. Just don’t 
follow the worksheets for every single core practical. 
 

What’s the overall message for practical assessment?  
Effectively – don’t get bogged down in the Appendices in the specification. As long as 
you: 
● do the core practicals 
● ensure that students keep records of the practical work they do 
● assess your students against the CPAC criteria 
then you won’t go too far wrong! 
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Direct and indirect assessment of 
practical skills 

Indirect assessment  
The assessment of skills, which are practical in nature but assessed on question papers, 
is designated as indirect assessment. The skills that are suited to indirect assessment 
appear in Appendix 5a of the specification, and are: 
 

Appendix 5a: practical skills identified for indirect assessment 
a) Independent thinking 
b) Use and application of scientific methods and practices 
c) Numeracy and the application of mathematical concepts in a practical 
context 
d) Instruments and equipment 

 
These skills will be assessed in written question papers, and form at least 15% of the 
overall mark allocation at both AS and A level.  

Direct assessment  
The assessment of skills, which are practical in nature and assessed by the teacher, is 
designated as direct assessment. The skills that are suited to direct assessment appear 
in Appendix 5b of the specification, and are: 
 

Appendix 5b: practical skills for direct assessment 
a) Independent thinking 
b) Use and apply scientific methods and practices 
c) Research and referencing 
d) Instruments and equipment 

 
The assessment of these skills, within the context of the Core Practicals (and other 
practical activities) will lead to the issuing (if the required level of competence is shown) 
of a ‘pass’ for the Science Practical Endorsement at the end of the A level course. 
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Assessment of practical skills in written 
examinations 

Advanced Level 
At least 15% of total marks for the A level award will cover the assessment of practical 
work. In Biology Specification B (9BIO) indirect assessment of practical skills will be 
found only in paper 3 (2h 30mins), meaning that at least 45 of the 120 marks available 
will test these skills. 

Advanced Subsidiary Level 
It is important to remember that assessments for AS level do not form any part of the 
assessment of Advanced Level, even though the core practicals for AS level are a sub-set 
of those for Advanced Level. 
Indirect assessment of practical skills will form a part of both AS papers, which includes 
questions that target the conceptual and theoretical understanding of experimental 
methods. 

Preparing students for questions assessing practical 
understanding 
As we will see in the sections which follow, by far the most effective way to prepare 
students for written questions is to ensure that they have practised the skills required in 
the context of the core practicals. In this way it will become obvious that time spent on 
practical activities is not merely to cover direct assessment but also to prepare students 
for a substantial part of paper 3. This needs to be taken into consideration when 
allocating time within a scheme of work. 
There are many suitable examples in the papers set on earlier specifications that could 
be used be set to students preparing for this type of question. 
The most obvious place to look for these questions, other than in the Sample 
Assessment Materials (SAMs) produced for the new specification, are within the 
‘Alternative to Practical’ papers used by International Centres since June 2009 as part of 
the International A level. Past papers are available on the Edexcel website at both AS 
(Unit 3) and A level (Unit 6) standard.  
Teachers will find some of the questions from these papers to be suitable for use with 
students preparing for the first papers in summer, 2017. 



© Pearson Education Ltd 2014. Copying permitted for purchasing institution only. This material is not copyright free. 9

Here is a typical example, taking from an International A level paper (WBI06/01, May 
2014): 
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Commentary 
This example provides an illustration of testing several skills. However, whilst this is 
good training, some parts are quite simple for a Paper 3 question. Part (b) is very simple 
mathematics and not really level 2. Part (c) is also quite straightforward but past 
experience shows that many students would benefit from practise in selecting graphical 
formats and understanding how to illustrate variability. Although part (d) does not 
necessarily require calculations (which might be tested as shown in the SAMs Paper 3 
question), it is a useful exercise in interpreting statistical analysis, whilst part (e) 
requires evaluation of methods and consideration of validity and reliability of data 
collection. A more detailed mark scheme for this question can be found on the website 
for International Biology GCE (although this qualification has slightly different 
requirements for practical skills). 
Whilst examples such as this are undoubtedly useful for consolidation, the core practicals 
also provide opportunities for students to collect their own data. This can be far more 
meaningful, but a question framework such as this provides an excellent means of 
following up a busy practical session with directly-linked homework or could easily 
include some secondary data where students are unlikely to have time to take sufficient 
readings for analysis in the time available. 
Another question that you may find useful is from Paper 3 of the SAMs: 

 
This question illustrates how level 2 mathematics can be linked to practical questions 
and how such questions can also test understanding of experimental design. 
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Using Core Practicals to Teach Skills 

The most important principle which will be reiterated throughout this guide is that the 
assessments stress the idea of developing skills. Whilst students are expected to have 
some knowledge of the techniques and procedures they encounter throughout the 
course, recalling small details is the simplest part of what is required. Developing skills 
implies that there is significant progression in terms of independent thinking and 
understanding of the underlying science behind what they are undertaking.  
We have selected core practicals to be included in our specification which are accessible 
to all students and provide opportunities to develop the skills listed, and not because 
they are 'perfect' examples of experimentation or can be used to demonstrate a 
textbook 'fact'.  

Progression 

Progression is at the heart of everything we are attempting to teach at all levels but 
especially at A Level. It is a constant theme of OfSTED reports. In Biology, we face some 
particular challenges in that many of the topics which appear in the specification appear 
to be very similar to GCSE and it is therefore doubly important that we are explicit about 
the levels of understanding expected. Many of the core practicals might also seem 
familiar and so students will have a natural tendency to approach them in the same way. 
Enzymes are an obvious example: progression to understanding scientific measurements 
of initial rates, and the variety of examples that do not conform to the textbook 
generalisations need to be stressed. Similarly the discipline of statistical analysis, where 
students should move away from subjective decisions and the concept of standard 
models built on a body of supporting evidence but nevertheless subject to constant 
revision and change. 

Planning practical lessons 

It is a common belief that simply including practical sessions within the course is a ‘good 
thing’ which helps to motivate students. However, this is not always the case - as 
students will often say themselves! Like any other lesson, students are only engaged 
when they see clear aims and objectives which are relevant to their course. These aims 
must be relevant, achievable and explicit.  
The core practicals are there to help with the inculcation of skills, so it can be very 
valuable to list the skills, practical, theoretical and mathematical, which each practical 
may address. In this way, students have a clear understanding of why they are doing 
this particular piece of practical work and what they might be expected to learn from it. 
As teachers, we know what is likely to happen during any one practical session. We also 
know that the time available for each practical is limited so it is vital to consider what 
our main objectives for the lesson are going to be in terms of the practical skills 
requirement. 
This has two main advantages: 
● It avoids student frustration and end of practical negativity (‘It never works!’, ‘That 

was a waste of time.’) 
● It enables teachers to track practical skills development. Practicals with clear skills 

aims can be easily recorded for each group, thereby providing confirmation that all 
the skills are being covered within the scheme of work. This is especially important 
where more than one teacher is assigned to one teaching group. 
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Remember that, as well as demonstrating skills towards the practical competency, 
practical work will also be the vehicle for indirect assessment in written question papers; 
and may frequently be associated with the assessment of mathematical skills. This needs 
to be reflected in teaching time during the A level course and careful planning of the use 
of core practicals can play a vital part in developing the practical and mathematical skills 
required for success at A level, rather than simply concentrating on theoretical content. 

Developing maths skills through core practicals 

Full details of the mathematical skills requirements can be found in Appendix 6 of the 
specification along with exemplification of each assessment objective. 
● All of the skills are to be examined at level 2. 
● There will be 10% of the marks awarded at Advanced Level for mathematical skills. 
● Mathematical skills will be expected in all papers 

What is meant by level 2 mathematics? 
Level 2 mathematics is of the standard of higher tier GCSE. The definition of level 2 can 
be affected by the context in which it is applied. For instance, where there is a great deal 
of structure or 'scaffolding' then the demand is lower and may not be level 2. Simply 
providing a formula and a list of data which is carefully defined would involve only simple 
substitution and be unlikely to meet level 2. However, selecting which data to apply and 
which formula to use would. A good practical example would be requiring a student to 
draw a graph and select data from it to calculate a rate, as in calculating initial rates for 
enzyme investigations. 
It is also useful to understand what is not regarded as mathematical skills. Questions 
often provide data from which candidates are expected to make conclusions by applying 
their biological knowledge and understanding. Even though data may be involved this 
would not be regarded as mathematical skill. Similarly, simply defining mathematical 
terms or describing them would not be a mathematical skill. 
The new requirements for mathematics in all science specifications have obvious 
implications for planning schemes of work. It is common for biology teaching groups to 
contain students with varied mathematical ability and careful thought will be needed to 
meet their needs. 
We cannot assume that even students who perform well at higher tier GCSE 
mathematics will retain their knowledge and competence at the end of two years without 
further practice and development. 
Past examiners reports show that there are several areas in which many students are 
not totally confident. These include:  
● calculating percentage increase/decrease 
● selection, application and accurate presentation of graphical formats 
● manipulating formulae. 
There are also areas, such as calculations using the Hardy-Weinberg relationship and 
statistical analysis, which will be new to students regardless of their mathematical 
background. 
The implication of this is clear. There needs to be specific learning opportunities 
integrated into the course which provide reinforcement and training in these 
mathematical areas, if students are to develop confident mastery; enabling them to 
perform to the best of their ability in the terminal examinations.  
Practical activities offer an excellent framework for this, as they provide all the required 
elements within an applied setting which has been shown to be much more effective 
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than a purely theoretical approach. Some illustration is given in the summary of core 
practicals and in the questions in the Student's Guide'. 
 

Developing specific skills 
One of the important features described in the section discussing progression is the 
development of independent thinking. Whilst there are some basic rules which might 
apply to some aspects of mathematical skills, students need to be able to use their own 
judgement on their application. 
 

Selecting a correct graphical format 
It is expected that all students will be aware of the basic rules of graph drawing. 
● Axes are clearly labelled with units. The title and units are separated by a solidus (/). 
● The scale is chosen to ensure the graph covers at least half of the paper and the y-

axis intercept where appropriate. 
● The axis shows the full scale with any breaks clearly indicated. 
● The independent variable is on the x-axis and the dependent variable is on the y-

axis. 
 
Bar Graph 

 
Used for obviously categorical data with completely separate bars 
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Histogram 

 

The horizontal axis has some form of continuous scale, including such things as size 
classes, but the data indicates a measurement covering a part of the scale not just an 
individual point. 
 
Scattergram 

 
Used to illustrate a correlation between two variables. Points should not normally be 
joined. In this respect, therefore, the only valid line of 'best fit' is a line with a known 
formula derived from regression analysis. Lines of best fit drawn simply on observation 
are unreliable and often subject to bias and are best avoided.  
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Line graphs 

 
In biology we often deal with varying trends and patterns which do not logically follow a 
straight line relationship. In these cases points should be joined with a ruler as a 
convention indicating that we are not making assumptions as to what might happen 
between them and if interesting features arise this may be cause for taking further 
measurements at smaller intervals in the range indicated. 
 

Significant figures. 
There is no fixed number that can be applied sensibly. Many core practicals offer 
opportunities for students to make decisions on the most appropriate number of 
significant figures. These must take account of the nature of the data and, most of all, 
the level of precision of the measuring apparatus. What does need to be reinforced are 
the following: 
● Figures such as 2 and 2.0 do not mean the same thing. 
● Consistency of significant figures is important. 
● Simply calculating a mean does not improve the level of precision of the data. Means 

need to take into account the significant figures of the original data. 
● It is important to make a reasoned decision, not just copy down a figure from a 

calculator or spreadsheet. 
 

Statistics and hypothesis testing 
It is essential to understand that this is the first time the students will have met the 
application of statistics and it is not expected that they will need to know the complex 
mathematical basis of the tests. What is most important is that they understand the 
main principles of statistical testing and how it is used. This is closely linked to the idea 
that scientists form ideas and explanations in the form of a theoretical model model. 
From this they make predictions which can be tested experimentally. This is where 
imagination, flair and often experience are needed in the design of an investigation. 
Statistics provides an internationally agreed system by which the data obtained from 
these investigations can be judged. Does it agree with the prediction or does it not? 
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Main statistical principles for practical biology 
Null hypothesis 
If, for instance, we wish to find if the heights of plants are different in two areas we start 
by assuming that the average height in each area is the same. We then randomly 
measure plants in each area. 
Using a statistical test we can then find the probability of the two means being as far 
apart as our measurements show. If this probability is low then we might suggest that 
our original assumption is wrong and there is a difference between the means. 
Hence, our start point will be a null hypothesis that 'there is no significant difference 
between the means of the height of plants in area A compared to area B.' 
Whilst this example uses significant differences it could equally apply to significant 
correlations or to significant associations which are the three statistical tests we are 
likely to meet. 
 
5% Significance Level 
If we follow the above reasoning for our statistical testing, then it is obvious we need 
some generally agreed rule about what exactly we mean by a low probability. Most 
scientific investigations suggest that there must be a probability of less than 5% (0.05) 
of our two sets of data coming from the same population before we can say that the 
difference is significant. Fortunately we can find this probability from published tables 
once we have calculated our test statistic. 
 
Interpreting the test 
Checking that our data shows there is less than 5% probability of it originating from the 
same populations means that we can reject our null hypothesis and state the alternative 
which is 'there is a significant difference between the mean height of plants in area A 
compared to area B.' 
What we cannot say is exactly what caused this. We may have selected an area with 
higher soil moisture as A and a dry area as B, but the statistical test only shows there is 
a difference. We expect students to appreciate this and avoid statements about 
'proving'. At this point, we need to go back to the original idea or model. Such a result 
might 'support the idea that' or 'support the model that'. This is where the brilliance of 
some scientists comes to the fore. The design of the investigation might well be such 
that it really does point firmly to some detail of why this difference might have arisen, 
but in our example a simple difference in height is likely to be consequence of multiple 
factors not just moisture alone. 
This problem is especially important when investigating correlations. Students need to be 
aware of the dangers of statistically showing a correlation and jumping to conclusions 
about causation. Science is full of examples of associated factors which can give 
numerous false correlations. 
 
Common tests 
As indicated in the Student Guide, the most common applications of statistics are as 
follows: 
● Tests for a significant difference – t-test, z-test or Mann-Whitney U-test 
● Test for a significant correlation – Spearman's rank correlation test 
● Test for a 'goodness of fit' or association – Chi-squared test 
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Descriptive statistics 
 
Average size of a sample 
Mean – the arithmetical mean is the average value calculated as the total of the 
samples divided by the number of measurements 
Median – this is the value above which half of the sample lie and below which the other 
half lie. Where there is an even number of samples this is calculated as the mid-point 
between the pair of values to which this applies. It is used where the data shows a 
skewed distribution. Imagine assessing the moisture content of a moorland peat when 
many of the samples will be well over 80%. The simple mean will be distorted by this 
pattern whereas the median will give a better indication of the average. Where the data 
is normally distributed mean and median are likely to be the same. 
Mode – the modal value of a set of measurements is the value which occurs most 
frequently. 
 
Dispersion of data 
Standard deviation () – is a figure which quantifies the average spread of data from 
the mean. Students need to be able to calculate this given the formula. 

 
This in itself provides useful practice in a multi-step calculation of an algebraic formula. 
The units of standard deviation are those of the original data so consideration of 
significant figures is needed. 
In order to judge whether a S.D. is large or small then the value of the mean must be 
taken into account, not the absolute value of S.D. e.g. a S.D. of 0.1 would be 
insignificant if the means was 100 but very large if the mean was 0.4. 
For normally distributed data 68.2% of the data will fall within +/- 1 S.D. of the mean 
Range – a much simpler measure of the spread of data in a sample. This is the 
difference between the highest and lowest values. Whilst simple it can be a useful 
indicator of validity of conclusions when indicated on bar charts of means as a range bar 
above and below the column value. 
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Errors and uncertainties 

Students studying chemistry and physics will be aware that calculations of uncertainties 
and errors plays an important part in understanding the accuracy of use of common 
laboratory apparatus such as pipettes, burettes, measuring cylinders and thermometers. 
In dealing more often with highly variable situations such as ecological investigations 
biologists are traditionally less concerned with this aspect but they often very significant 
when collecting data in the field. However, several core practicals involve such processes 
as producing very dilute solutions by serial dilutions and accurate volume 
measurements, therefore it is important that those students not studying other sciences 
are introduced to these ideas. 
Note uncertainties are not errors. No matter how carefully we use a simple ruler there 
will still be significant uncertainties. Errors – which may be classified as systematic 
errors or random errors – arise through in-built precision of equipment, poor technique, 
unfamiliarity or simple lack of care. The latter are exactly the type of problems that we 
would expect students to avoid if they are to be judged as competent for the award of 
practical endorsement. 
 
Uncertainty: many pieces of apparatus have the level of uncertainty indicated e.g. a 
laboratory thermometer might have +/- 0.5°C 
When taking measurements it is important that students are aware of all of the possible 
uncertainties. With a ruler this includes placement of the ruler or specimen as well as the 
problems of discerning the actual gradations. 
Where measurements are repeated using the same units then uncertainties are simply 
added. 
e.g. A ruler has an uncertainty of +/- 0.5 mm when reading the scale and +/- 0.5 when 
lining up the specimen. The latter could be greater when the specimen is an awkward 
shape or in an awkward position on a living organism. 
The total uncertainty is then +/- 1 mm. For a total of 10 repeats this is +/- 10 mm. 
Where readings are in different units the percentage uncertainty needs to be calculated. 
This is simply the uncertainty divided by the actual value multiplied by 100. 

percentage uncertainty = 
uncertainty 

× 100 
actual measurement 

Percentage uncertainties can now be added together in the same manner as actual 
values. 
A glossary of terms used with practical science can be found in the final section of this 
Guide. 
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Mapping core practicals to teach key 
skills 

Opportunities for developing techniques and use of 
apparatus  
This grid shows how the Core Practicals cover the apparatus and techniques listed in the 
Biology subject criteria (Appendix 5c). 
 

Biology B Core Practical Practical technique in Appendix 5c 

1 2 3 4 5 6 7 8 9 10 11 12 

1: Investigate a factor 
affecting the initial rate of 
an enzyme controlled 
reaction. 

           

2: Use of the light 
microscope, including simple 
stage and eyepiece 
micrometers and drawing 
small numbers of cells from 
a specialised tissue. 

           

3: Make a temporary squash 
preparation of a root tip to 
show stages of mitosis in 
the meristem under the light 
microscope. 

           

4: Investigate the effect of 
sucrose concentrations on 
pollen tube growth. 

           

5: Investigate the effect of 
temperature on beetroot 
membrane permeability. 

           

6: Determine the water 
potential of a plant tissue. 

           

7: Dissect an insect to show 
the structure of the gas 
exchange system. 

           

8: Investigate factors 
affecting water uptake by 
plant shoots using a 
potometer. 
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Biology B Core Practical Practical technique in Appendix 5c 

1 2 3 4 5 6 7 8 9 10 11 12

9: Investigate factors 
affecting the rate of 
respiration using a 
respirometer. 

           

10: Investigate the effects 
of different wavelengths of 
light on the rate of 
photosynthesis. 

           

11: Investigate the presence 
of different chloroplast 
pigments using 
chromatography. 

           

12: Investigate the rate of 
growth of bacteria in liquid 
culture. 

           

13: Isolate individual 
species from a mixed 
culture of bacteria using 
streak plating. 

           

14: Investigate the effect of 
gibberellin on the 
production of amylase in 
germinating cereals using a 
starch agar assay. 

           

15: Investigate the effect of 
different sampling methods 
on estimates of the size of a 
population. 

           

16: Investigate the effect of 
one abiotic factor on the 
distribution or morphology 
of one species. 
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Opportunities for skills development and indirect assessment  
This grid shows how the core practicals can be used to develop mathematical skills 
within Biology; and also makes some links to the skills that may be tested indirectly (i.e. 
on written question papers). Note that that Appendix 5a mapping is only indicative: 
questions may be asked on examination papers about skills in the context of any 
practical activity. 
 

Practical activity Mathematical skills Appendix 5a 
skills 

1: Investigate a factor affecting the initial rate 
of an enzyme controlled reaction. 

0.1, 1.1, 1.3, 3.1, 
3.2, 3.5, 3.6 

All 

2: Use of the light microscope, including simple 
stage and eyepiece micrometers and drawing 
small numbers of cells from a specialised tissue. 

0.1, 0.2, 1.1, 1.8, 
2.2, 2.4 

3b, 3c 

3: Make a temporary squash preparation of a 
root tip to show stages of mitosis in the 
meristem under the light microscope. 

 4 

4: Investigate the effect of sucrose 
concentrations on pollen tube growth. 

0.1, 1.1, 1.2, 1.3, 
1.7, 1.9, 3.2 

All 

5: Investigate the effect of temperature on 
beetroot membrane permeability. 

0.1, 0.3, 1.3, 1.7, 
1.11, 3.2 

All 

6: Determine the water potential of a plant 
tissue. 

0.1, 0.2, 0.3, 2.3, 
2.4, 3.1,3.2, 3.4, 

All 

7: Dissect an insect to show the structure of the 
gas exchange system. 

 4 

8: Investigate factors affecting water uptake by 
plant shoots using a potometer. 

0.1, 1.1, 3.1, 3.2, 
3.3, 3.5, 3.6, 4.1 

4 

9: Investigate factors affecting the rate of 
respiration using a respirometer. 

0.1, 1.1, 3.1, 3.2, 
3.3, 3.5, 3.6, 4.1 

all 

10: Investigate the effects of different 
wavelengths of light on the rate of 
photosynthesis. 

0.1, 0.4, 1.1, 1.3, 
3.1, 4.1 

all 

11: Investigate the presence of different 
chloroplast pigments using chromatography. 

 4 

12: Investigate the rate of growth of bacteria in 
liquid culture. 

0.1, 0.2,  0.4, 0.5, 
1.1, 2.3, 2.5, 3.1, 

3.2, 3.5, 3.6, 

 
 

13: Isolate individual species from a mixed 
culture of bacteria using streak plating. 

 4 

14: Investigate the effect of gibberellin on the 
production of amylase in germinating cereals 
using a starch agar assay. 

0.1, 1.1, 1.2, 1.7, 
3.1, 3.6, 4.1 

all 

15: Investigate the effect of different sampling 
methods on estimates of the size of a 
population. 

0.4, 1.11, 2.3, 2.4,  

16: Investigate the effect of one abiotic factor 
on the distribution or morphology of one 
species. 

0.4, 1.1, 1.3, 1.5, 
1.6, 1.7, 1.9, 1.10, 

1.11,3.1, 3.2, 

all 
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Teaching approaches to core practicals 

The 16 core practicals should be used to allow students to develop their practical 
techniques and skills as outlined in appendix 5a, 5b and 5c and to use their 
mathematical skills (Appendix 6).  
Your scheme of work may include other practicals that also allow these techniques and 
skills to be introduced and practised but it is essential that the core practicals are given 
priority and emphasis.  
In Core Practical 5 Investigate the effect of temperature on beetroot membrane 
permeability it is quite likely that colorimetry will be used, as it may also be in other 
practical work. A session on the principles and mode of operation of a colorimeter would 
thus seem to be a useful starting point prior to both of these. This is also an Appendix 5c 
skill: ‘Use appropriate instrumentation to record quantitative measurements, such as a 
colorimeter or potometer’. 
Most of the core practicals should be able to be carried out in one laboratory session. 
Some, however, will need more sessions, not least the two core practicals – CP15 and 
CP16 – which cover the fieldwork aspects of Biology. 

Practical skills and core practicals 
Appendix 5c of the Specification lists the practical skills that a student should acquire 
during the A level course. These will be assessed through the core practicals included in 
the Specification. By completing all 16 core practicals students should be able to develop 
the skills to the level expected for the award of the Science Practical Endorsement by the 
end of the course 
If students fail to carry out some core practicals during the course then it is possible to 
cover the requirements of Appendix 5c by completing a minimum of 12 core practicals. 

Choosing the Core Practicals  
In most cases, we would expect that teachers will carry out the practicals for which 
worksheets and instructions are provided. However, you are free to use other practical 
activities in place of the ones selected, as long as they cover the skills and techniques in 
Appendix 5c.  
For example there are a number of enzyme / substrate systems suitable for CP 1: 
Investigate a factor affecting the initial rate of an enzyme controlled reaction.  
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Commentary on the Core Practicals 

1. Investigate a factor affecting the initial rate of an enzyme 
controlled reaction 
Some really important points have been made in the progression section 
earlier in this guide concerning enzyme reactions and their investigation and 
these are very relevant here. 
The effect of a protease on powdered casein (milk) is a cheap and easy way 
to measure initial rates using a colorimeter to measure increased 
transmission. (colorimeters are very useful to measure initial rates and can 
easily be coupled to data-loggers to plot graphs etc.) 
Note for this and other suggestions colorimeters are extremely useful. Where 
budget restrictions might mean these are not readily available consider 
building simple examples costing a few pounds each. All that is required is a 
light emitting diode (LED) or a simple bulb, but an LED is much better, a 
light-dependent resistor (LDR), a suitable resistor and an ammeter. There are 
several very simple designs available on the internet. To make them a little 
more reliable and to hold a test tube or cuvette, simply make a cardboard  
box-like cover with suitably sized holes to cover the basic circuit. 

 

2. Use of the light microscope, stage and eyepiece micrometers, 
drawing small numbers of cells 
 
● Plant cells provide excellent material for these exercises as they are often 

larger and much more clearly defined. Simple sections of xylem vessels 
or schlerenchyma fibres are a good place to start. 

● The quality of drawings should be judged by: 
 – clear sharp single lines not sketched 
 – lines which do not 'hang' in mid-air or cross over too far 
 – lines which are proportioned to match the original 
 – lines which have a representative scale. 
Drawings would be labelled or annotated to show important features. 
● Drawing a few cells in detail provides a much more productive exercise. 

Students often want to draw many tiny inaccurate cells when 3 or 4 are 
needed. Actual drawings should show cells at least 2-3cms in size. 

● Remember that this is not an exercise in producing life-like art work and 
shading etc should be avoided. There are two main forms of drawing. 
Simple tissue plans with no cells to show arrangement of different tissues 
within an organ and cell drawings as shown in the examples below. 
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The format of a tissue plan (vascular bundle t.s.) 

 
The format of a cell drawing (xylem vessels t.s.) 
 

 
 
● Try setting some challenges. In a drawing of a xylem vessel is the 

proportion of cell wall thickness to lumen size about right? Can this be 
measured and then checked against the drawing? Is the detail of where 
cells join right showing a middle lamella or does it just merge two cell 
walls into one? 

● Practical exercise in calculating actual size, manipulating formula and use 
of standard form. 

 

3. Temporary squash preparation of a root tip to show mitosis 
● Garlic cloves can be grown quickly and have only small numbers of 

chromosomes. Short (<1 cm) young roots often give the best results. 
● Even a simple web cam held over a light microscope can often give a 

clear image on a laptop to point out important features and can be used 
to capture images if required. This is often very useful when guiding 
students in finding the right cells in both this and core practical 2. 



© Pearson Education Ltd 2014. Copying permitted for purchasing institution only. This material is not copyright free. 26

 

4. Investigate the effect of sucrose concentrations on pollen tube 
growth 
● Excellent chance to initiate research into factors affecting pollen tube 

germination and prevention of hybridisation or the need for an energy 
source for growth of pollen tube. 

● The SAPS website has some invaluable information on this protocol 
including germination medium and what pollen to use at different times 
of year. See the teacher / technicians guide at 
http://www.saps.org.uk/secondary/teaching-resources/222-student-
sheet-4-pollen-tube-growth 

● Growth can be quite rapid so it is possible to measure growth rates and in 
case of experimental failure the SAPS guide above also has a link to some 
photographs taken at hourly intervals which could provide useful follow-
up work. 

 

5. Investigate the effect of temperature on beetroot membrane 
permeability 
● This can be very simplistic or poorly understood. Ensure that students 

understand where the pigment is stored before they attempt to explain 
the data. Even a very crude tapered section of a piece of beetroot will 
have a few visible cells at the thin edge, which when mounted in water, 
will show clearly the concentration of the pigment in the vacuole. Hence 
the pigment has to cross or be released from two membranes to pass into 
the surrounding water. 

● Best approached using a colorimeter, but data can be obtained, less 
accurately, using a series of beetroot pigment colour standards 

● In theory the pigment will only be released when the tonoplast and 
plasmalemma break down. 

● Students need to consider the effect of the temperature on the whole 
membrane structure and not just protein denaturation.  

● It should be possible to detect a clear break in the graph of temperature 
against absorption if there is a fixed point when the membrane structure 
breaks down. 

● A good exercise is to challenge students to think about the effect of 
temperature on the membrane itself and on the process of diffusion.  

 

6. Determine the water potential of a plant tissue 
● Progressing to A level students do need to understand the water potential 

terminology. This implies they have a good understanding of plant cell 
structure. 

● Although the change in mass of potato tissue might be a preferred option 
here, it is extremely useful for students to observe plasmolysis in onion 
membrane tissue. This is a simple exercise which can easily be done 
whilst waiting for the potato tissue to come to equilibrium. Mounting the 
onion membrane in a strong sugar or salt solution and observing under 
the microscope will show the process actually taking place. A small drop 
of methylene blue will often enhance the clarity of the nucleus and the 
membranes. 

● Simply asking what is in the space between the plasmalemma and cell 
wall will clarify the permeable nature of the cell wall and explain why 
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attempting to measure changes in length of tissues is a very limited 
method. 

7. Dissect an insect to show the structure of the gas exchange system 
● Most insects can be used but obviously the larger the better. Locusts are 

ideal but wasps and blowflies are fine and can easily be obtained in 
summer months. 

● Wasps do have large abdomens with clear spiracles for initial examination 
and can be collected by using a suitable sugar solution trap. 

● A close examination of spiracles in living locusts is a useful start. 
● A simple cut of the cuticle around a spiracle will usually come out with 

trachaea attached. Simply mounting these in water and examining the 
slide under the light microscope will reveal a lot about the structure.  

 

8. Investigate factors affecting water uptake in plant shoots using a 
potometer 
● Expensive potometers are not necessarily required here. Even lengths of 

capillary tubing with rubber tubing attached will often suffice. In most 
cases with good quality rubber or neoprene tubing such simple 
potometers can be reset by injecting water into the tubing with a fine 
syringe needle. This will normally be sufficiently self-sealing to take a 
series of readings. 

● This is an ideal opportunity to practise some wider investigative skills 
individually (possibly for competency assessment). Controlling variables 
here is not easy, so what can be done? e.g. Simple covering to make this 
dark also changes air-flow and humidity. An interesting challenge rather 
than reading a worksheet! 

● Some mathematical training can be introduced by calculating actual 
volume of uptake. 

● Students need to realise that uptake is not the same as transpiration rate 
and why. 

 

9. Investigate the factors affecting the rate of respiration using a 
respirometer 
● Again it is not necessary to use complex respirometers. A boiling tube 

and wire shelf with a rubber bung and a length of capillary tubing can be 
give adequate results. Text book diagrams are fine but nothing compares 
with hands-on experience of setting up the apparatus and realising the 
dramatic effects of temperature variations for instance or the problems of 
controlling living material under test. 

● Setting up the apparatus and getting it to work can be time consuming 
(but not time wasted!). To avoid frustration it will be advisable to have a 
set of prepared data on hand ready to introduce as soon as it is evident 
that students have got all they can out of the actual apparatus. 

● This is an ideal opportunity to introduce evaluation, especially if the data 
provided shows some good variations or unexpected results. Having 
hands-on experience should enable them to recognise the strengths and 
weaknesses of the protocol and discuss any results meaningfully. 

● Either results obtained or provided also give a good opportunity to plot 
graphs and determine rates from gradients etc. 
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10. Investigate the effects of different wavelengths of light on 
photosynthesis 
● There a number of well-documented alternatives to this investigation. 

Given that there is a need to collect repeat data for several wavelengths 
then it might be possible to organise the practical in such a way that 
different groups used different wavelengths and shared data. The 
problems that this might cause in terms of controlling important 
variables, especially the initial mass/activity of different plant samples, 
could form a useful discussion with students. Initial readings by all groups 
using white light as a baseline might form an interesting challenge as to 
how this information could be used to process the different sets of data to 
make them comparable. 

● There is a close link here between this investigation and action/absorption 
spectra. 

 

11. Investigate the presence of different chloroplast pigments using 
chromatography 
● Obviously a simply technique just separating out pigments. This could be 

made more interesting and thought provoking by comparing two plant 
extracts to see if they contain exactly the same pigments. 

● It's important to show how this might be used more analytically by the 
calculation of Rf values. Provided that common solvents are used then 
theoretical Rf values to identify each pigment can easily be researched 
from online tables 

● Several of the pigments fade very quickly so it is important to draw and 
label the colour of each spot as soon as the chromatogram dries is 
accurate measurements are to be made. 

 

12. Investigate the rate of growth of bacteria in liquid culture 
● Any of the methods described in 6.1 can be used according to resources 

but advantages and drawbacks of the chosen method need to be 
discussed. Particularly the problems of distinguishing live and dead cells. 
It is also useful here to discuss the difficult problems involved in 
measuring 'growth'. 

● Depending upon your confidence in obtaining sufficient data, it is very 
useful here to have some sample data available for students to be able to 
gain maximum benefit from this investigation. It is the main example of 
the use of logarithmic functions and growth constants. 

● Plotting raw data on log graph paper is a good way to illustrate the 
principle of using logarithmic functions as exponential growth is converted 
into a straight line by the plot. 

● By the same argument some data can be used by students to calculate 
exponential growth rate constants  
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13. Isolate individual species from a mixed culture of bacteria using 
streak plating 
● A straightforward technique which could be rather simple. However, it 

offers the opportunity to introduce a range of microbiological skills which 
are often useful in many areas of higher education. Most obviously these 
would be of basic sterile techniques and use of agar plates. 

● Once again it is important to take this a little further. Individual colonies 
need to be removed from the streak plate and sub-cultured to give a pure 
culture. 

● Once separated it is a useful challenge for students to suggest how many 
different bacteria there might be in the original mixture and suggest 
criteria for distinguishing between the colonies. (shape, colour, shiny/dull 
etc.) 

 

14. Investigate the effect of gibberellin on the production of amylase 
in germinating cereals using a starch agar assay. 
● Although possibly less well-known this provides an interesting insight into 

the mechanisms of plant growth substances. Gibberellins stimulate the 
production of amylase in the initial stages of germination. If seeds are 
soaked in a Gibberellin solution for a short time then amylase is 
produced. Its presence can be detected by cutting the seeds in half and 
placing the cut surface onto a starch agar plate. After incubation at a 
fixed temperature the amylase diffuses through the starch agar 
hydrolysing the starch. Simply flooding the plate with agar will reveal a 
clear area around the seed providing a semi-quantitative assay of its 
concentration. 

● Using serial dilutions it is possible to investigate the effect of different 
concentrations of gibberellin this could be further enhanced by testing the 
antagonistic/synergistic of auxin on this system. 

● There is ample opportunity for independent thought. Is it better to 
measure simple diameters of the clear area or calculate/measure the 
area? Does this make a difference? Given that the area increases as the 
square of the dimension then differences will be larger. 

 

15. Investigate the effect of different sampling methods on estimates 
of the size of a population 
● The intention here is to provide an interesting way in which a variety of 

sampling techniques might be introduced. There is also the opportunity to 
push students into thinking independently. 

● Populations can include a wide range of plants and animals. 
● The simplest approach would be to keep to a school field or open 

grassland. Plantains, daisies and dandelions provide a good focus in such 
habitats. 

● Different sizes of quadrats, point frames vs gridded quadrats, individual 
counting, all provide excellent opportunities to collect data. 

● There is then the opportunity to compare estimates and analyse them. Is 
the difference significant? - leading to a statistical test. Which is larger? - 
why might this be? And so on. 
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16. Investigate the effect of one abiotic factor on the distribution or 
morphology of one species 
One of the great advantages of biology is that there are numerous 
opportunities to investigate some interesting question without the need for 
elaborate, expensive equipment. Better still, these are often questions which 
have varied answers which cannot be found in a standard text book. So the 
opportunities here for independent thinking and research are endless. Hence, 
this could be a crucial piece of evidence for the award of the practical 
competency endorsement. However remember that simple questions need 
more than a simplistic answer if we are to show progression to advanced 
level. 
A simple example illustrates this: 
● Does the size of a leaf vary in a shaded area compared to a sunlit area? 
● What do we mean by size? 
● A simplistic answer says more light = more photosynthesis = more 

growth 
● Measurements show that in many cases the surface area of a shade leaf 

is larger. 
● Clearly the answer lies much deeper and at this level we would expect 

students to discover that this is photomorphogenesis. Light triggers 
effects through various compounds possibly including phytochrome and 
auxin and so links with gene expression in topic 7 and control systems in 
topic 9.  

● So there are ample opportunities for synoptic thinking coupled with some 
individual research. 

● Do get students to consider how their chosen abiotic factor is to be 
measured precisely and reliably. e.g. light intensity is very difficult to 
measure reliably. It changes with weather, season and time of day, so 
what might be an acceptable compromise? This is a useful exercise as 
there is no 'right' answer but certainly some measurements which would 
be meaningless. 

● Exactly the same applies to their chosen dependent variable. e.g. 
measuring internodes is pointless unless it is carefully controlled. How 
can we tell which one to measure that we can be sure is fully grown? 
Which leaf might be selected and how. There needs to be controlled but 
random selection. Which parameter of the leaf is most scientifically 
useful? Will one parameter be enough? Is it better to consider a ratio? 

 

Research and referencing 

Students need to understand how scientific advances are communicated and reviewed. 
The process of peer-review, citations and attention to detail needed to present scientific 
papers should be understood, as should the role of scientific journals, conferences and 
the international nature of research. Evidence revealed by research might 'support the 
idea that' but is not described as 'proving'. Objective scientific language is cautious and 
often conditional and this needs to be reflected in students' own practical recording. 
Independent objective research needs to be developed to incorporate this approach. The 
internet is a wonderful resource but is often approached in a scientifically naive manner 
even by the most technologically aware students. Valid scientific information can be 
extracted easily but it is rarely found in the first few pages of a Google search or on an 
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anonymous question and answer site. In contrast Wikipedia is often carefully referenced 
or flagged where further corroboration of details are required so simplistic views that it is 
weak because anyone can edit it need to be investigated further. 
 

Independent thinking and practical investigations 

It is highly desirable that students are challenged to think more critically about a 
practical procedure from the start of the A level course. It is vital that they realise that 
what has served them well at GCSE needs to be developed to achieve the same success 
later. 
As an example of this, consider the core practicals dealing with initial rates of enzyme 
reactions and the effect of sucrose concentrations on pollen tube growth. 
We have touched on the need to challenge some approaches to enzyme reactions, 
particularly the need to measure initial rates and to use S.I. units for rates. A simple 
challenge might be to use 1/t as a rate and investigate the effect of substrate 
concentration. In simple systems such as disappearance of starch increasing substrate 
concentration naturally increases the time taken for the substrate to be broken down 
and hence the rate decreases in direct contravention of the theoretical explanation. The 
problem, of course, is that the time does not increase to match the increase in starch 
and so the rate is actually faster. We can overcome this by measuring the quantity of 
starch (mass as we cannot ascertain molar concentrations) and dividing this by the time 
to achieve a more scientific measure of rate mg s-1. But this still relies on the average 
rate of a rapidly changing system which again can be unreliable.  
The theory behind investigating the effect of sucrose concentrations on pollen tube 
growth is that it might be a selective mechanism to ensure only the correct pollen 
germinates on the correct stigma. This is a good start for some independent thinking and 
research. Is this correct? Is this a generally accepted model? If not what other 
suggestions are there? Is sucrose just a respiratory substrate for pollen tube growth? 
Will there be an osmotic effect? etc. 
This is a really valuable example because students will quickly find that things are not as 
simple as first thought and there are some much more detailed ideas as well as 
conflicting suggestions. In other words, there is not necessarily some simplified answer 
paraphrased into an A level text. Whilst most students are not comfortable with 
uncertainty and often simply want to learn the 'right' answer, this approach, rather than 
simply being presented with a worksheet, is vital if we are to show students what we 
mean by progression to advanced level.  
 

Independent thinking and evaluation  

An objective discussion and reflection on the reliability and validity of their findings 
provides crucial evidence of a student's independent thinking and practical competence. 
This will vary according to the core practical as some activities, such as dissection, are 
limited in this respect. Others such as ‘Investigating the effect of an abiotic factor’ offer 
wide ranging opportunities which can be based on a significant data set. In general those 
preceded with 'Investigate' offer greater potential. 
Progression in evaluating practical investigations is characterised by: 
● a move from descriptive comment and a subjective approach to evidence-based 

analysis 
● cautious conditional language 
● an accurate appreciation of exactly what the data shows (and what it does not) 
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● a clear understanding of the biological principles underlying the methodology applied 
● an understanding of the limitations and advantages of statistical testing 
When looking for evidence in evaluating, the obvious place to start is the data. There is 
little point in speculating about difficulties or mistakes if there is no evidence. Students 
need to appreciate that in a perfect investigation where all variables are accurately 
controlled then any repeats should be identical. When this is not the case then the size 
of these differences can provide useful information. This naturally leads to such 
measures as means, medians standard deviation and standard error. Other differences 
may be more marked and be regarded as anomalies or outliers. All of this will provide 
good evidence for any judgements on the reliability of the findings. Only then is it 
possible to begin thinking about what might be causing these differences. 
Where such variations lead to uncertainty this leads us naturally to statistical testing and 
the need for some basic rules agreed by all scientists. e.g. 5% significance levels. 
So one clear area of progression is from 'I think there is a difference' to 'There is a 
significant difference at the 5% confidence level'. Students do not need to know the 
detailed mathematical basis for all the statistical tests they might encounter. They do 
need to appreciate exactly what the test reveals. Statistical tests can only give us useful 
but limited conclusions. At this level these would be: 
● 'There is a significant difference between....' 
● 'There is a significant correlation between...' 
● 'There is a significant association between ('goodness of fit') between ... 
What they do not tell us directly is why these might be significant. This is particularly 
important with correlations where even a perfect correlation does not indicate causation. 
The possibility of the variable under investigation being secondary and merely linked to 
another is an important consideration in many scientific investigations and especially in 
epidemiological studies. 
In other sciences such as chemistry then uncertainties of measurements such as 
burettes and pipettes might be the most important consideration where most variables 
are tightly controlled. In biology we often deal with much more variable data where it is 
very difficult to achieve this level on control. Analysis of data may well show obvious 
random errors well outside the range of uncertainty of the apparatus used and so such 
measures as standard deviation become more important. Systematic errors may well 
have greater effects in some data ranges than others but are difficult to detect and 
quantify from the data alone. These may form part of the discussion but will be rather 
speculative. 
In summary the practical assessment is not an isolated section of the specification and 
its assessment. A small part is simple direct learning of basic techniques and procedures 
as well as physical skill in handling apparatus. A far greater part will be testing students' 
ability to apply their skills to a wide variety of questions. Whilst paper 3 has a specific 
focus on indirect assessment of practical skills many, such as mathematical skills or 
interpreting data will also be highly relevant to papers 1 and 2. Using a wider 
perspective, the development of such skills is a key element in preparing students for 
higher education. 
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Student records 

You will need to make a decision about what format you will require your students to 
keep records of their practical work. Possible formats include: 
● a lab book. This has some advantages, mostly in being a ‘working document’ where 

students can write notes on procedures, as well as take down data, sketch rough 
graphs and so on. 

● a folder of practical work. In some ways similar to the lab book, but having the 
advantage of being able to store worksheets and other stimulus material alongside 
the practical notes. 

● integrating practical notes into students’ main folder. 
 

Whichever format you decide works best for you, and your students, it is important that 
the method of collecting and recording the practical work that student records meet the 
following requirements: 
● be a useful revision aid for students at the end of their course 
● allow students to record evidence in a variety of formats, such as diagrams / 

drawings, tables, graphs and so on. This would also include space for any data 
analysis or evaluation. 

● retain records for use in assessment, especially to provide evidence towards the 
award of the Practical Competency. 

In terms of meeting the ‘pass’ criteria for Practical Competency, the minimum 
documentary requirements required by Ofqual are that centres maintain records of: 
● each practical activity undertaken and the date when this was completed 
● student attendance 
● the criteria being assessed in that practical activity 
● which student met the criteria and which did not 
● student work showing evidence required for the particular task with date 
● any associated materials provided for the practical activity e.g. written instructions 

given. 

The centre visit 
Quality assurance of the practical endorsement will be supported by the use of visiting 
monitors. As the practical activities for the endorsement take place throughout the two 
years of the A level course, monitoring will also take place throughout the duration of 
the course (i.e. visits could be in either the first or second year of the A level).  
The monitor who visits will be appointed by the awarding body with which the centre has 
registered for the science selected, so that a monitoring visit is specific to a particular 
Awarding Body. 
There is a distinct difference between monitoring and moderation, particularly that the 
process is not intended to moderate (scale) individual candidates results. Rather it is to 
ensure that the centre is applying the Common Practical Assessment Criteria (CPAC), 
implementing the procedures and maintaining records as required to fulfil the 
requirements of the practical endorsement, as laid down in the specification. 
In the first year of teaching, monitoring will not take place until January 2016 and will 
not take place during the summer examination period. In subsequent years monitoring 
can take place from September, as A level students are expected to have been 
undertaking work towards the practical endorsement. 
On the day of the centre visit the monitor will: 
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● observe practical activity taking place 
● review the documentary requirements (see above) 
● talk with staff and pupils. 
Please note that the observation is to determine the centres’ abilities to deliver and 
assess the practical endorsement, not to decide on students’ competencies. It is 
therefore not necessary, and indeed could be counterproductive, to ‘rehearse’, any 
practical work with the students before the visit. 
After the visit, the monitor will complete a record of the visit which will be copied to the 
centre. The record will state whether the monitor agrees with the centre’s application of 
the CPAC statements, or not. Should the monitor not agree with the centre’s application 
of CPAC, then guidance will be given as to what measures are required to bring the 
centre into line with the requirements. Such an outcome will also result in the other 
sciences receiving a monitoring visit from their respective awarding organisations. It is 
possible that the monitor may agree with the centre’s application of CPAC, yet still 
include guidance on improvements which could be made.  
Further guidance on application of the CPAC criteria, as well as other areas around the 
new practical competency measure, will be made available to schools as soon as the 
information is available. 

How do the CPAC criteria match to each core practical? 
In theory, you can assess any of the CPAC criteria on a core practical – although some 
CPAC criteria probably lend themselves better to certain core practical activities. 
If you have a typical A level class of around 15 students, assessing all of the students on 
all the CPAC criteria on a core practical is likely to be an impossible task! 
You will also want to make sure that each student has more than one opportunity to 
show each of the CPAC criteria – both because some skills may take time to develop, but 
also because the Endorsement for practical competency requires the CPAC skills to be 
seen ‘consistently and routinely’. 
Once the final CPAC criteria have been finalised, we will issue some guidance on which 
CPAC criteria could be assessed on which core practical. Our recommendation will be to 
consider 3 CPAC statements per core practical, giving students at least four chances to 
show each CPAC skill during the A level course. 
Of course, you may choose to assess more CPAC skills on each core practical, should you 
wish. 
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Terminology in Practical Biology 

Integral to the study of biology is the collection of data and observations based on 
natural phenomena. The collection of data and empirical evidence can lead to concerns 
about the quality of evidence, especially if we base explanations on the data collected.  
Although there is no practical examination in this qualification, a set of practical skills 
has been identified as appropriate for indirect assessment. In doing this it is clearly 
important that the words used in assessments have a precise and scientific meaning as 
distinct from their everyday usage.  
Practical skills should be developed by carrying out practical work throughout the course 
and the assessment of these skills (see Appendix 5a: Practical skills identified for indirect 
assessment and developed through teaching and learning) will be through examination 
questions in all question papers.  
The terms used for this assessment will be those described in the publication by the 
Association for Science Education (ASE) entitled The Language of Measurement (ISBN 
9780863574245). In adopting this terminology, it should be noted that certain terms will 
have a meaning different to that in the previous specification.  

Glossary 

Term Meaning and notes 

Validity A measurement is valid if it measures what it is supposed to 
be measuring – this depends both on the method and the 
instruments. 

True value The value that would have been obtained in an ideal 
measurement – with the exception of a fundamental 
constant the true value is considered unknowable. 

Accuracy A measurement result is considered accurate if it is judged 
to be close to the true value. It is a quality denoting the 
closeness of agreement between measurement and true 
value – it cannot be quantified and is influenced by random 
and systematic errors. 

Precision A quality denoting the closeness of agreement (consistency) 
between values obtained by repeated measurement – this is 
influenced only by random effects and can be expressed 
numerically by measures such as standard deviation. A 
measurement is precise if the values ‘cluster’ closely 
together. 

Repeatability The precision obtained when measurement results are 
obtained by a single operator using a single method over a 
short timescale. 
A measurement is repeatable when similar results are 
obtained by students from the same group using the same 
method. Students can use the precision of their 
measurement results to judge this. 
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Term Meaning and notes 

Reproducibility The precision obtained when measurement results are 
obtained by different operators using different pieces of 
apparatus.  
A measurement is reproducible when similar results are 
obtained by students from different groups using different 
methods or apparatus. This is a harder test of the quality of 
data. 

Uncertainty The interval within which the true value can be considered 
to lie with a given level of confidence or probability – any 
measurement will have some uncertainty about the result, 
this will come from variation in the data obtained and be 
subject to systematic or random effects. This can be 
estimated by considering the instruments and the method 
and will usually be expressed as a range such as 20°C ± 
2°C. The confidence will be qualitative and based on the 
goodness of fit of the line of best fit and the size of the 
percentage uncertainty.  

Error The difference between the measurement result and the 
true value if a true value is thought to exist. This is not a 
mistake in the measurement. The error can be due to both 
systematic and random effects and an error of unknown size 
is a source of uncertainty. 

Resolution The smallest measuring interval and the source of 
uncertainty in a single reading.  

Significant figures (SF) The number of SF used depends on the resolution of the 
measuring instruments and should usually be the same as 
given in the instrument with the fewest SF in its reading. 

 
This is a selection of terms from the list in The Language of Measurement published by ASE 
(ISBN 9780863574245). 
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Answers to student guide questions 

Q1 (a) refers students to http://www.nhs.uk/news/Pages/Howtoreadarticlesabouthealth 
andhealthcare.aspx. This is an article which summarises lots of important points to 
consider when considering newspaper headlines. It is written in clear student-friendly 
language and encapsulates many of the ideas we want students to think about when 
considering scientific conclusions and evaluating. A really good example of ilustrating to 
them what is meant by progression to A level. The same pages have a database of 
almost all the headlines that have appeared in the newspapers in the past few years and 
an evaluation of the scientific work behind them. 
(b) Ideally students will quickly pick up that there is lots of evidence from genuine 
scientific papers to show garlic has antibacterial properties. But have they found the 
main drawbacks and have they asked why it is not normally prescribed by doctors? 
e.g. the active ingredient allicin isn't normally absorbed into the bloodstream and is 
destroyed in cooking. So you need to eat lots of raw garlic! A really good point can be 
made about conclusions about investigations in vitro not being transferable to effects in 
vivo. 
Manuka honey is very similar. It does have antibacterial properties and is used in some 
wound dressings but if some of its effect is slow release of hydrogen peroxide then what 
will happen in the stomach and the cells lining it long before the active ingredients can 
be absorbed? 
Q.2 (a) (i) The best examples might be surface area; mass; surface area:thickness. 
(ii) There is a good opportunity here to discuss what this investigation is really 
investigating and the weakness of simple 'size' measurements. Hopefully some ideas 
about sun and shade leaves will lead to area and thickness then to think of better ways 
of expressing morphology such as ratios. Students need to be encouraged to think ahead 
and realise that very simple measurements might lead to very restricted scientific 
conclusions. The morphology of the leaf is changed by light in several ways which are 
matched to its function. This idea of overall shape should lead to the idea of plasticity 
and away from simplistic more photosynthesis = more sugars = more growth. Obviously 
this leads to the ideas of control of gene expression as the whole shape of the leaf is 
change not just 'gets bigger'. 
(b) This section is directed at variable control and practical skills. So other important 
variables will be: Height of leaf on the bush; position of the leaf on the branch; age of 
leaf; avoiding possible shading by other leaves or surrounding buildings etc. 
(c) Light is very difficult to measure reliably in the field and almost always involves 
making compromises. This is because: 
● light changes with different times of day 
● Light changes with different weather conditions (clouds etc) 
● Light changes with the seasons (angle of sun in the sky) 
● Aspect (E or W especially) needs to be controlled. 
Q3 (a) (i) This is simply to get students thinking about graphical formats more 
carefully. 
The graph shown is meaningless because; it has no clear labelling of the axes. 
These are not paired samples so there is no scientific reason why a random sample 
called no.1 from the sheltered shore should be plotted alongside n0.1 from the exposed 
shore. 
If we plotted another set of data from random samples of the same two shores we would 
get a completely different pattern of coloured spikes therefore it does not show any 
general pattern or trend for analysis. 
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(ii) The sketch below shows two different formats for these data. Both are correct. The 
simple bar chart of eans gives us a basic illustration of one important feature of these 
two populations. However by dividing the data into size classes we are able to present a 
much clearer picture of the actual distribution of these data and in doing so we are able 
to see more interesting trands and patterns. 

 
Q4 (a) Because enzymes catalyse rapid changes this means that variables such as 
substrate concentration change rapidly. If we are to measure the rate of reaction at the 
conditions we set up in our investigation then the initial rate is the only one which will 
give us an answer close to these initial conditions. The rate will slow quickly as the 
substrate is used up. 
(b) moles dm-3 s-1 

(c) A rate cannot be expressed in terms of seconds only. What per second? 
Q5 This is a research question. The purpose is to stress the idea that the idealised 
graphs shown in many text books are gross simplifications and do not apply to all 
enzymes. This is especially true if 37°C is regarded as some form of general optimum! In 
addition to hot spring bacteria many organisms such as desert plants have to survive 
extreme temperature fluctuations. 
This could easily be followed up by using pH as a further example. Many do not have 
sharp peaks but are stable over a range of pH values. (e.g. Novozymes bacterial 
α-amylase 'Stainzyme' is active between 30–100°C and pH 7–11) 
Q6 (a) 30 mm 
(b) 32 × 10-6 m or 3.2 × 10-7 m 
(c) Diameter of cell = 3.2 × 10-5 m 
(d) You may need to check the drawing in the student guide as it could change 
depending on the print. The original has walls approx. 3.5 mm and a lumen approx. 
42 mm. So the wall is thinner in proportion than the original cell. 
Q7 (a) This will depend upon the actual stain you have used for the core practical. e.g. 
Feulgen, acetic orcein, toluidine blue. 
(b) To separate the cells so that chromosomes are visible. 
To form a thin enough layer to allow sufficient light to pass through for viewing under 
the microscope. 
Q8 (a) Sucrose can form a respiratory substrate increasing the availability of ATP for 
growth. 
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(b) Stronger solutions of sucrose will cause water to be withdrawn from the cells by 
osmosis and will reduce increase in length. 
(c) It is useful to use this question to stimulate discussion of 'growth'. In this case the 
pollen tube increases in length mainly by expansion of cells caused by water uptake. As 
with initial germination, the actual dry mass of the cells may well be decreased by 
anabolic processes such as respiration. So is this increase in length actually 'growth'? 
However it is a useful measurement given the function of the pollen tube. 
Q9 (a) Betalain 
(b) Betalain is stored in the vacuole. 
(c) Pigment must cross the tonoplast lining the vacuole and the plasmalemma covering 
the protoplast. 
(A good opportunity to check understanding of the plant cell structure. Could be followed 
up with questions concerning the cell wall to establish its freely permeable nature.) 
(d) An example of more careful thinking about variables. 
At higher temperatures the cells in the centre of the disc will take longer to reach the 
stated value. Therefore they will not all be treated for the same amount of time. This 
might be overcome to some extent by using thin discs but will be a problem if larger 
cylinders are used. 
Q10 (a) 800 kPa is the highest water potential. As pure water has the maximum water 
potential of zero then the closer the value to zero the higher it is. 
(b) -530 kPa. A simple example to reinforce the implication of minus values. 
(c) In plant cells the cell wall does not stretch very much. As water is drawn in by the 
negative water potential of the cell the hydrostatic pressure in the cell builds up tending 
to force water out. Eventually this pressure potential becomes so great that it equals the 
water potential of the cell. At this point (fully turgid) no more water can enter as the 
overall tendency for it to enter becomes zero. 
(d) Animal cells do not have cell walls. Therefore if the cell has a negative water 
potential compared to the surrounding fluid, water will enter, the membrane will stretch 
and burst, destroying the cell. Plant cells simply become fully turgid and entry of water is 
stopped. Turgidity is then used an important method of support. 
Q11 (a) Some water is used up in photosynthesis.  
(b) As soon as the stem is cut the shoots will continue to draw water up xylem vessels. 
This will cause air to enter the xylem vessels which will prevent normal water transport. 
Cutting under water means only water can enter the vessels. 
(c) (i) 

Time (mins) Distance moved by 
the liquid in the 
capillary (mms) 

Volume of water 
taken up (cm3) 

0 0 0 

1 7 0.039 

2 16 0.089 

3 25 0.139 

4 34 0.189 

5 39 0.216 

Common errors would be: double values from using diameter not radius for volume and 
1000× values without converting mm3 to cm3. 
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Note graph should show clearly lack of linearity over first and final minutes. 
(ii) Simple line graph with correct scale, axes labelled with units and plots joined point 
to point with a ruler. 
(iii) The point 1 min 30 s is included to practise reading off points from a graph to do 
the calculation even though in this case it can be calculated from the table. 
Graphical value @ 1 min 30 s = 0.063 cm3 @ 4 min = 0.189 
Rate = 0.126 ÷ 2.5 mins = 0.05 cm3 min-1 or 8.4 × 10-4 cm3 s-1 
(iv) 0.043 cm3 min-1 or 7.2 × 10-4 cm3 s-1 calculated from table or graph. 
(v) Graph is not linear, rate is slower in 1st and 5th minutes so overall average rate is 
lower.  
There needs to be suggestions based on the methodology e.g. first minute slower 
because acclimatising to new conditions. Fifth minute slower may be because of change 
in conditions / coming to equilibrium if shoot has been under water stress previously / 
movements in millimetres so difficult to read to 1 mm accuracy etc. 
Q12 (a) Potassium/sodium hydroxide (soda lime less reliable). 
(b) Volume of oxygen taken in for respiration = volume of carbon dioxide given off. So 
no change in pressure in apparatus. Absorbing carbon dioxide lowers the pressure and 
the volume change recorded = volume of oxygen used up. 
(c) Look for a balanced argument with logical reasons either way. 
Cold blooded and warm blooded are all living creatures and should be respected equally. 
Cold blooded animals feel pain as can be seen from their reactions. 
There is no logical biological distinction between the two groups. 
OR some distinction needs to be made as the same rules would be too difficult to apply 
to all animals e.g. should swatting flies be banned? 
Some forms such as maggots have very rudimentary 'brains' so cannot feel emotions in 
the same way. 
Overall the emphasis should be on reasoned arguments to explain their ethical viewpoint 
and not what is 'right' or 'wrong'. 
Many people hold very strong but contrasting ethical viewpoints and both can have 
logical arguments to support them. 
Q13 (a) Tissue Respiration 
(b) Changes in temperature will cause large changes in the volume of gas produced 
making it difficult compare. 
The effect of temperature on photosynthesis and respiration are not the same. Therefore 
more/less of the oxygen produced during photosynthesis will be used up e.g. 
photosynthesis and respiration have different temperature optima and the light 
independent phase of photosynthesis is much more temperature sensitive than the light 
dependent phase. 
Q14 (a) An absorption spectrum is a graph of the amount of light absorbed of a 
compound at different wavelengths. 
(b) An action spectrum is a graph of the rate of a reaction at different wavelengths of 
light. 
(c) This is not a valid conclusion. 
This may well support the idea that chlorophyll pigments absorb light which is used for 
photosynthesis but it does not 'prove' it. 
Because this is a correlation only and there may be secondary links which would give 
this result. 
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There is no evidence in the investigation about carbohydrate so this cannot be 
supported.  
There is plenty of evidence elsewhere that oxygen is a by-product of photosynthesis but 
not in this investigation. 
Q15 (a) This is a useful exercise as the selection of a scale is possible but plotting of the 
first two numbers will be at best highly inaccurate. 
(b) 

Time (h) Population Number log10 population number 

0 0 0 

1 64 1.80 

2 4096 3.61 

3 262144 5.42 

It should be evident that this is a straight line, illustrating the point of taking logs. This 
will then need to be supported by the concept of rate constants etc. 
Q16 (a) Starch is insoluble and is therefore a common storage molecule in seeds. To be 
used as a respiratory substrate in germination it needs to be broken down into soluble 
sugars.  
(b) The genes for α-amylase are present in the endosperm cell nuclei of the seed but 
not active. 
Gibberellin is synthesised by the embryo in response to water entry etc. to the seed. 
Gibberellin is thought to stimulate the production of transcription factors necessary to 
activate the gene for α-amylase. 
The binding of these transcription factors causes the production of m-RNA coding for the 
amylase. 
The m-RNA is transported to ribosomes where it is translated to form the amylase 
molecules necessary to break down starch, initially into disaccharides. (Further details of 
protein synthesis could be expected here as revision for A level or consolidation for AS) 
This also triggers active respiration in the seed to produce the ATP required for anabolic 
processes in the embryo which in conjunction with water uptake will cause the seed to 
germinate. 
(c) This initial activation of amylases and hydrolysis of starch is used in brewing to 
produce a mixture of sugars which can be fermented anaerobically by yeast to produce 
ethanol in beers.  
Q17 (a) TWO methods of: 
● Simply count presence or absence of the organism in each of the 100 squares and 

use the count as a % cover.  
● Use the grid to estimate % cover by counting squares but only count a square when 

it is more than half covered by the organism. 
● Use the intersections of each square and record the presence or absence of the 

organism at each point where these cross. 
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Q18 (a) It is useful to compare simple visual estimates of a number of students to show 
just how varied these can be. 
In A at least one part of a leaf appears in 56 squares. 
In A about 22 squares have more than half of the area covered. Note this will be variable 
and a good point for discussion as it is difficult to judge 'half covered' when there are 
different leaves and branches. 
Which is better? Obviously this is just a subjective judgement but 56% is a very high 
estimate compared to how much sand is visible. A first impression without counts might 
put this lower but is unlikely to be lower than 22%. 
Is it better to count the number of squares containing any of the plant, even though this 
might be an over-estimate it is the most consistent method for comparisons? (a 
systematic error?) 
So estimating % cover is highly variable and not easy and in any case is % cover a good 
idea? How many individual plants might there be? Is this a better measure? 
Overall the idea here is to get students to think about the methods and to realise that 
there can be large errors which are not easy to eliminate. 
(b) (i) A difficult exercise for those without rocky shore experience but a good one for 
testing observation. It would be reasonable to expect 4 or 5 for this. 
For information there is at least: 
● Fucus vesiculosus – Bladder wrack 
● Fucus serratus – Saw wrack 
● Patella vulgata – common limpet 
● Enteromorpha species (bright green if viewed in colour) 
● Barnacles – it is not possible to identify species from this but they are just visible on 

the rock surface. 
It is also likely that the rock surface could also have a coating of Lithophyllum sp. 
(b) (ii) Included just to point out that clearly visible individuals are better counted as 
such not estimated as % cover. This could then lead to a discussion of the ACFOR scale 
which can take account of different types of measurement but is not useful for 
quantitative analysis. 
Q19 (a) Three of: 
● Same height on the shore / similar immersion or emersion time 
● Same aspect (direction of rock face) 
● Same age of limpets (in practice impossible to control well but obvious areas of small 

juveniles can be avoided) 
● Measured in exactly the same way (limpets are not round so maximum diameter 

needed) 
● Presence / absence of surrounding species e.g. algal cover etc. 
(b) 

 Sheltered shore 
diameter (mm) 

Exposed shore 
diameter (mm) 

Mean 28.29 19.33 

Median 30.6 18.8 

Note the medians are not actual values in the table because we have an even number of 
samples so a pair of 'middle' numbers. These values are the mid-point between these 
values. 



© Pearson Education Ltd 2014. Copying permitted for purchasing institution only. This material is not copyright free. 43

(c) There might be a temptation to consider the highest and lowest values here as 
anomalies but a look at the data will show that there is no valid reason to simply choose 
these. There are really no anomalies just a typical variation in living things. 
(d) The graph can be a simple bar-chart of the means or similar to the size class 
histogram illustrated in the student guide earlier. 
(e) The null hypothesis would be 'There is no significant difference between the 
diameter of limpets on a sheltered shore compared to those on an exposed shore.'  
Do check for common misunderstandings such as 'There is no difference....' The word 
'significant' is really important. There are almost certain to be differences but are these 
differences statistically significant? 
(f) If using a t-test the t value = 8.2988 
There are 42 degrees of freedom. 
The tabulated t value for 42 degrees of freedom at the 5% significance level is 2.015. 
The calculated value of t is much higher than the critical value for the 5% significance 
level therefore we can reject the null hypothesis at this significance level. This means 
there is a significant difference between the means of the diameter of limpets on the 
sheltered shore compared with those on the exposed shore. 
Students should show that they know that the 5% significance level is the norm applied 
by biologists to this type of data even though the value is even significant at the 0.01% 
level.  
It is also helpful to link this back to the actual data to reinforce the idea that we are 
testing the probability that these two data sets come from the same population. In this 
case the overlap in the data is very small (only one value on the exposed shore is higher 
than any on the sheltered) and so the chances that the measurements come from the 
same population is obviously very low. 
If using a Mann-Whitney U test then U = 18 
The tabulated values for the 5% significance level with 20 samples is 127. 
Our U value of 8 is much less than this so we can again reject the null hypothesis using 
the same statements as in the t-test example. 
It is useful to stress that all these tests show is the probability of getting data such as 
these if the measurements came from the same population. They do not show us why 
there might be this difference – this would need further investigation to be carried out.  
 



 

 

 


